A robust and simple adaptive blind multiuser equaliser for downlink DS-CDMA systems is presented. The adaptation is based on forcing various user symbols onto a constant modulus, whereby no additional constraints such as the mixed cross-correlation are required. The proposed algorithm has a moderate computational complexity and shows a BER performance close to the MMSE solution.
Introduction: In a DS-CDMA downlink scenario, transmission over a dispersive channel destroys the mutual orthogonality of the codes which are used to multiplex the various users in the system. As a result, the received and code-demultiplexed user signals are subject not only to inter-symbol interference (ISI) owing to channel dispersion but also to multiple access interference (MAI). Consequently the conventional DS-CDMA code-matched filter receiver suffers severe performance degradation, thus motivating the need for better detection strategies.
There have been extensive research efforts to introduce a reliable multiuser detector [1] , apt to alleviate the effect of both MAI and ISI. While the maximum likelihood (ML) estimation based detector offers the best possible performance [1] , its unrealistic complexity renders it unsuitable for downlink applications owing to handset constraints. Alternatively, sub-optimal schemes such as the MMSE multiuser equaliser offer moderate complexity and generally good performance [2] . Recovering several users at the same time in multiuser equalisation exploits more knowledge of the system and has been performed blindly using a constant modulus (CM) criterion [3] . However, in [3, 4] additional orthogonality constraints and mutual decorrelation of the recovered user sequence are required.
In this Letter, we derive, based on the definition of a signal model in the following Section, a suitable CM cost function and a stochastic gradient algorithm which is structurally similar to the multiple error filtered-X LMS algorithm in [5] . The addition mutual decorrelation between the various decoded user signals as required in [3] and [4] can be neglected owing to the code-filtering. 
The code-multiplexing shown in Fig. 1 is based on a polyphase representation, and could also cover TDMA or FDMA if H was chosen as an identity or DFT matrix, respectively. The chip rate signal resulting after multiplexing by a parallel-to-serial converter To re-establish orthogonality of the codes, a chip rate equaliser w can be utilised. Therefore, the detected user signals û l [n] can be written asû
NþLÀ1
. Next, we are concerned with the blind updating of the equaliser vector w.
Blind adaptation: We assume that the user signals u l [n] consist of symbols with a constant modulus g, such as BPSK, QPSK, or PAM. Therefore, we would like to blindly adapt the equaliser by forcing all decoded users û l [n] onto a constant modulus. This can be formulated, similarly to [3] , by a suitable cost function x CM ,
which measures the deviation of each of the N users' decoded symbols from the desired modulus. Minimising the cost function (4) is ambiguous with a manifold of solutions owing to an indeterminism in phase rotation. However, any member of this manifold is a suitable solution for the equaliser w, and can be used in combination with differential modulation schemes to recover u l [n]. A simple stochastic gradient update rule for w can be found by calculating the gradient of an instantaneous cost function, i.e. omitting the expectation operator in (4), leading to the stochastic gradient update w nþ1 ¼ w n À mHx CM ðw n Þ ð 5Þ where m is the step size and n the symbol time index. The introduction of gradient noise through inaccurate estimates of the true underlying statistics into the update routine can assist in avoiding the adaptation to remain in flat points of the cost function.
To determine Hx CM , we apply complex vector calculus to (4), yielding
This algorithm differs from the standard CM algorithm [6] or its extension in [3] in the inclusion of a code filtered term H l [nN]r nN rather than just the equaliser input r[n]. This is structurally similar to a multiple-error filtered-X LMS algorithm [5] , where the transfer functions appearing in the paths between the adaptive filter output and the error formations have to be accounted for by modifying the LMS updating scheme. Hence, we refer to the proposed scheme in (6) as the filtered-R multiple error CM algorithm (FIRMER-CMA). The computational complexity of the proposed algorithm accrues to 2N 2 L þ 2NL þ 2N þ L multiply accumulates, which is specifically lower than other sub-optimal schemes such as the decorrelator in [7] with o(N Fig. 3 . The multipath coefficients of both channel sets are drawn from Rayleigh distributions. Allowing the FIRMER-CMA sufficient time to reach its steady state for each fixed channel realisation, the various BER curves for rotation-corrected systems are compared to their analytic MMSE equaliser perfor-mances and to the theoretical performance of QPSK over a nondispersive AWGN channel. The equaliser lengths adopted are L ¼ 20 and L ¼ 64 coefficients, for channel sets represented by jg 1 [m]j and jg 2 [m]j, respectively. With the middle tap set to unity and an exponentially decreasing step size m ¼ 10 À3 (0:9999) n , the algorithm has always been given 10 3 symbol periods to converge prior to correction of the phase rotation and bit error rate (BER) measurement. The BER results are given in Fig. 4 in comparison to the optimal QPSK performance in AWGN and the analytical minimum MSE (MMSE) solution. Note that the FIRMER-CMA closely approaches the MMSE performance. Conclusion: A blind equalisation approach for a DS-CDMA downlink scenario has been presented, which differs from previous CM algorithms by a code-prefiltering of its input. Compared to other multiuser CM based solutions in the literature [3, 4] , the spreading codes enforce the orthogonality of the decoded user, which renders decorrelation of the various output signals obsolete. The proposed algorithm has a moderate computational complexity. Representative simulations have been presented, highlighting the algorithm's BER performance, which can reach very close to the performance of the MMSE equaliser. 
